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In January,  1921,  through the kindness of Dr.  S.  B.  Wolbach of 
Harvard  Medical  School,  we  received  guinea  pigs  in  which  two 
strains of typhus virus were being propagated.  One of these strains 
was originally derived from the blood taken from a  patient during 
the height of typhus fever; the other, from the saline solution washings 
of a  cage harboring  typhus-infected lice.  In July,  1920,  with these 
materials, Dr. Wolbach, working in Warsaw, Poland, induced experi- 
mental typhus fever in guinea pigs; in the next half year he transmitted 
it through about fifteen successive  animals and determined the exis- 
tence  of  a  cross-immunity between  the  human  and  louse  strains. 
In February, 1921, when we were engaged in an experimental study 
of the virus of typhus fever, employing for this purpose the guinea 
pigs given to us by Dr. Wolbach, a number of immigrants arrived at 
the Port of New York from different parts of Europe and showed a 
syndrome of headache, continued fever, petechial rash, positive Well- 
Felix reaction  1. ~ and infestation with body lice, which was suggestive 
of typhus fever.  Through the kindness of Dr. John E. Holt-Harris, 
Director of Laboratories at the Quarantine Station, we were enabled 
1  Weft, E., and Felix, A., Wein. klin.  Wock., 1916, xxix, 974; 1917, xxx, 1511. 
This test is based on the observation of Wilson (Wilson, W. J., J. Hyg~, 1909, ix, 
332; 1910, x,  i55) that agglutinins for intestinal, colon-like bacilli are present 
in the serum of typhus fever patients. 
Dr. John E. Holt-Harris, Director of Laboratories at the Quarantine Station, 
applied the Weft-Felix test to  these patients  and found definite agglutination 
reactions in aU--indeed, in some  instances in dilutions of 1  : 1,280. 
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to obtain blood from an immigrant suspected of having typhus fever. 
We inoculated the blood into guinea pigs in which was set up an experi- 
mental disease which we were thus able to compare with the experi- 
mental  disease  being  propagated  in  these  animals  with  the  Polish 
virus. 
Herewith is presented a  detailed study'of the experimental disease 
induced in the guinea pig by injecting the blood from this immigrant 
and the results of a comparison of this experimental disease with that 
set up in the  same animal  with the human  and louse strains  of the 
Polish virus. 
Source  of Material. 
The  patient  from  whom material  was  collected  for the following 
experiments was a young, adult female, a  native of Czecho-Slovakla, 
who had embarked for New York at Trieste, Italy.  At the time of 
examination  she had been ill for 8 days with headache and continued 
fever.  Her face showed the suffusion and her conjunctiv~  the injec- 
tion  characteristic  of typhus fever, and  the anterior  surfaces of her 
forearms and arms were covered with a  fading petechial rash.  The 
Well-Felix reaction, performed by Dr. Holt-Harris, was positive in a 
serum  dilution  of  1:320.  Body  lice  infested  the  patient  before 
admission  to  the hospital. 
Transmission  to  Guinea  Pigs. 
Blood was obtained on the 8th day of illness, by venous puncture 
with a sterile syringe previously washed in 50 per cent sodium citrate 
solution, and 3 cc. of the blood, which proved sterile by aerobic culti- 
vation  tests,  were immediately  injected intraperitoneally  into  each 
of two guinea pigs, A and B. 
Protocol/.--Guinea Pig A, after 19 days during which the average temperature 
was 38.5°C., showed on the 20th day a rise of temperature  to 40.4°C.  It was then 
bled by heart puncture with a needle and syringe prepared in  the usual manner 
and 3 cc. o.f the blood, sterile by aerobic tests, were injected  into  each of three 
normal guinea pigs.  The rise of temperature  in the second series occurred,  on 
an average, 11 days after injection, when the blood,  in the  same amount,  ~as 
transferred  to a  third  group.  In  this way we have  succeeded in  transmitting 
the fever through at least nine successive animals, with  an  average  incubation 
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Guinea Pig B showed a rise in temperature to 40.4°C. on the 7th day after injec- 
tion, when it was bled and the blood transferred to  three  normal animals.  The 
guinea pigs of this and  subsequent  passages (second to fourth)  yielded profuse 
growths of B. proteus from the heart's blood and this series was, therefore, discon- 
tinued and the results were discarded. 
The febrile reaction in the guinea pigs which were  allowed  to recover lasted 
from 4 to 8 days.  Thereafter the temperature promptly fell to normal  and  the 
animals remained well (Text-fig. 1). 
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'I'xxT-I~G. 1.  Fifth guinea pig passage of the disease induced by the blood of 
the immigrant.  Incubation period 9 days; fever 8 days. 
The guinea pigs killed during the febrile reaction showed the following patho- 
logical picture. 
Macroscopic Examination.--All  the organs  were  normal  in  appearance with 
the exception of the spleen which was slightly enlarged,  darker than normally, 
and of which the lymphoid follicles were prominent and raised above the surface. 
Occasionally the  spleen  was not  enlarged.  The  skin, because of  its  hairiness, 
showed  no  definite  lesions  on its  outer  surface.  The  inner  surface,  however, 
especially after the corium had been stripped off,  revealed occasional petechial 
spots. 
Microscopic E,  xamination.--The central nervous system showed characteristic 
lesions.  There was no meningeal involvement except in the case of its blood ves- 
sels, which showed the changes described below.  The gray matter of the brain, 
especially  that of the midbrain,  contained many  small,  localized hemorrhages. 
The striking changes were microscopic and consisted of focal accumulations of 
cells about the capillaries and arterioles.  These lesions have been described in 368  TYPHUS FEVER AMONG  RECENT IMMIGRANTS 
detail  by Ceelen,  3 Nicol,  4 and others in European typhus fever, by Doerr  ~ and 
others in the experimental disease in guinea pigs, and recently by Wolbach and 
Todd  ° in Mexican typhus fever.  The nodules consisted mainly of macrophages, 
or endothelial  leucocytes of Mallory, ~ and a  few leucocytes, mononuclears,  and 
polymorphonuclears, and were always to be found in close proximity to the vessels. 
The vessels were surrounded by a mo/'e or less dense collar of the macrophages or 
endothelial leucocytes and leucocytes of the mononuclear and polynuclear type, 
which at some points was sufficient to form a  distinct nodular mass giving rise 
to the periarteriolitis nodosa described  by NicoP (Fig.  1).  The endothelium of 
the vessels,  often markedly swollen,  was necrotic in some portions  and  prolif- 
erated in others; at times the endothelial cells filled the lumen.  In other arterioles 
and capillaries occluding thrombi were sometimes demonstrable. 
The heart  tissue  showed  the  vascular  lesions  described  by Nicol.  a  localized 
necrosis of the intima,  swelling and proliferation of endothelial  cells,  thrombus 
formation,  perivascular  accumulations  of  endothelial  leucocytes,  polymorpho- 
nuclears, and mononuclears to form, in some areas, a periarteriolitis nodosa, focal 
nodules of these cells appearing in the interfibrillary spaces usually in proximity 
to  the  vessels.  Besides,  there  were a  number  of small  localized hemorrhages 
(Fig. 2). 
The structure of the spleen obscured the vascular picture, but the organ showed, 
as a  rule,  congestion and Icucocytic infiltration of the splenic pulp, as noted by 
Nicol.  4  The lymphoid follicles  were  enlarged  and  at  the  center  a  number  of 
endothelial  leucocytes were noted  in  active phagocytosis, a  picture  not  unlike 
that seen by Mallory  s in Peyer's patches in typhoid fever. 
The skin  showed in  the corium nodular areas  similar  to  those found in  the 
brain and  heart.  These were near  the capillaries  and arterioles  which showed 
the  changes in  the  endothelinm and  the  thrombus formation described  above. 
In addition  there  were small,  localized hemorrhages (Fig. 3).  Similar vascular 
lesions in the skin of man have been described by Fraenkel, ~  Aschoff,  l° ,con Chiari, n 
and others in cases of typhus fever in Europe, by Wolbach and Todd  s in  those 
in "Mexico, and by LSwy  TM in experimental typhus fever of guinea pigs. 
a Ceelen, Bert klin. Woch., 1916, liii, 530. 
4 Nicol, K., Beitr. path. Anat. u. allg. Path., 1919, Ixv, 120. 
s Doerr, R., Centr. Bakt., lte Abt., Orig., 1921, lxxxv, Nos. 6 and 7, p. 2. 
s Wolbach, S. B., and Todd, J. L., Ann. Inst. Pasteur, 1920, xxxiv, 153. 
Mallory, F. B., Bull. Johns Hopkins Hosp., 1911, xxii, 69. 
s Mallory, F. B., J. Exp. Med., 1898, iii, 611;  The  principles  of  pathologic 
histology, Philadelphia and London, 1920, 170. 
9 Fraenkel, E., Manch. reed. Woch., 1914, lxi, 57; 1915, lxii, 805. 
to Aschoff, L., Med. Klin., 1915, xi, 798. 
n -con Chiari, R. F., Wien. klin. Woch., 1917, xxx,  1479. 
t2 LSwy, O., Wien. klin. Woch., 1916, xxix, 547. PETER K.  OLITSKY  369 
The kidney, adrenals, fiver, and  testicles revealed no remarkable changes 
other than the characteristic microscopic nodular formation and the vascular 
changes.  The lesions in these organs correspond to those found in man, in the 
kidney by Aschoff,  1° in the adrenals by Nicol,  4 in  the liver by Ceelen,  S, 13 and 
in the testicles by Schmofl.  x4 
To summarize the results of the experiments described above, it 
is  shown that  the blood of  the patient at  the Quarantine  Station 
induced in guinea pigs a  characteristic febrile reaction of from 4  to 
8 days duration, preceded by an average incubation period of 9 days. 
The  disease  of  which  this  is  the  expression could be  transmitted 
through at least nine successive animals.  Furthermore, the guinea 
pigs killed during the height of the reaction revealed on microscopic 
study of the organs constant pathological changes similar  to  those 
found by several investigators of typhus fever of man in Europe and 
Mexico, and of the experimental disease of the same animal. 
In these respects, the experimental disease which we have induced 
in guinea pigs corresponds to that set up in the same species with 
the human and louse strains of the Polish virus. 
Immunity  Experiments. 
Additional  evidence in  establishing  the  identity  of  the  experi- 
mental disease in guinea pigs induced with the blood of the immi- 
grant with the disease propagated in these animals with the Polish 
virus, is afforded by means of the immunity reactions.  The study on 
immunity was made from these view-points: (a) the specific ,immuniz- 
ing effect of the virus derived originally from the blood of the immi- 
grant when followed by subsequent injections of the active agent of 
the same disease, and  (b)  cross-immunity between this  disease and 
that of guinea pigs originally infected with the Polish  typhus fever 
virus of man and lice. 
The following protocols are illustrative. 
Protocol 2.--Gulnea Pig B was injected intraperitoneally with 3 ee. of blood 
from Guinea Pig A, the fourth passage of the experimental disease  in this species, 
derived originally  from the blood of the immigrant.  After an incubation period 
is Ceelen, W., Med. Klin., 1916, xii, 402. 
14 SchmorI,  C. G., quoted by Nicol.  4 370  TYPHUS  FEVER  AMONG  RECENT  IMMIGRANTS 
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of 9 days, Guinea Pig B showed a febrile reaction lasting for 6 days; thereafter the 
temperature was normal.  A control guinea pig, injected similarly,  reacted with 
a rise of temperature after 9 days incubation and was killed on the 1st day of the 
fever.  It showed  the  typical pathological  picture  already  described.  Guinea 
Pig B after 6 days of normal temperature was reinjected  intraperitoneally  with 
3 cc.  of  the  blood  from an  animal  in  the sixth  passage  of  the  experimental 
disease.  There was no reaction  during a period of observation lasting  1 month. 
A control animal  was inoculated  at the time of the second injection  of Guinea 
Pig B  with similar  material.  This  animal  reacted  characteristically  after  an 
incubation  period of 10 days. 
This experiment indicates that after an attack of the disease induced 
in guinea pigs with the blood of the immigrant, the animal is refrac- 
tory to subsequent injections of active blood derived through passage 
from the same patient. 
Protocol 3.--The  following experiments  were  controlled  in  that  whenever 
active blood was employed,  it was injected into control animals under the same 
conditions as the test animal, to determine its clinical and pathological  action. 
Guinea Pig A (Text-fig. 2) was injected  intraperitoneally  with  3  cc.  of blood 
from a guinea pig in the nineteenth  passage of the experimental  disease induced 
with the Polish strain of typhus virus.  After an incubation period of 7 days a 
rise in temperature occurred,  lasting  for 5 days.  Thereafter the animal showed 
Q. 
normal temperature for 19 days,  after which it was remoculated with 3 cc. of 
blood from a guinea pig in the third passage of the experimental  disease induced 
originally with the blood of the immigrant.  There was no effect during aperiod 
of observation  lasting  1 month. 
Guinea Pig B was inoculated  similarly, but with the eighteenth  passage of the 
Polish typhus virus, louse strain.  A 6 day fever following an 11 day incubation 
period resulted.  2 days after the fever subsided, the animal was reinjected  with 3 
cc. of blood from a guinea pig in the second passage of the experimental disease 
induced with  the  blood  of  the  immigrant.  No reaction  occurred although the 
animal was kept under observation over a month. 
Guinea Pigs C (Text-fig. 3) and D had reacted characteristically  to injections 
of blood from guinea pigs in the fourth and fifth  passages,  respectively,  of the 
experimental  disease induced with the blood of the immigrant.  Guinea  Pig C, 
4 days after the fever subsided,  was reinjected  with the blood from a guinea pig 
ha  the twenty-sixth  passage  of the Polish  typhus virus,  human strain;  Guinea 
Pig D, 3 days after the fever subsided, with the blood of the twenty-fifth  passage 
of the Polish typhus virus,  louse strain.  Neither animal  was affected  during a 
period of observation  of over 1 month. 372  TYPI~US  ~EVF_,R AMONG  RECENT  TM~!GRA.N~S 
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Protocol  3  shows  that  guinea  pigs  reacting  characteristically  to 
the known strains of typhus virus originally derived from a  typhus 
fever patient  in Poland,  and from typhus-infected lice collected in 
that  country,  fail  to  respond  to  a  subsequent  injection  of  active 
blood from guinea pigs with the experimental disease set up with  the 
blood from the Czecho-Slovakian immigrant at the New York Quaran- 
tine Station.  Conversely, guinea pigs reacting typically to the injec- 
tions  of  blood from guinea pigs in  the  line  of  transmission  of  the 
experimental disease induced with the immigrant's blood, are  refrac- 
tory  to  later  injections of blood containing  either  human  or  louse 
strains of the Polish typhus fever virus. 
DISCUSSIOI~. 
The experimental disease induced in guinea pigs with the human 
and louse strains of the Polish typhus virus is characterized by the 
following conditions:  (a)  Transmissibility  of the virus from patien t 
to  guinea pig and  from guinea pig to  guinea pig indefinitely.  (b) 
Specific pathology of the  affected animals during the height of the 
reaction.  The macroscopic examination  reveals  no  change~  in  the 
organs with the exception of enlargement of the spleen  1~ and a petech- 
ial rash in the deeper layers  of the skin.  The lesions in the differ- 
ent organs  are  demonstrable by histological study and consist of a 
particular vascular change, especially about the blood vessels of the 
brain.  (c)  Absence of concomitant or secondary infections by ordi- 
nary  bacteria  (pneumonia, peritonitis,  abscesses, pseudotubercuiosis, 
or  other  diseases,  or  the presence  of  these bacteria  in  the  blood). 
(d)  Specific immunity reactions.  A  guinea pig after reacting to an 
15 It has been stated that the organs in man (NicoP) and in the guinea pig(Doerr 5) 
show no macroscopic lesions whatever.  But that the spleen is definitely enlarged 
has been our experience and this is confirmed by the following reports,  both in 
regard to typhus fever in man and experimental typhus fever in animals: Ricketts, 
H. T., and Wilder, R. M., J. Am. Med.  Assn.,  1910, liv, 463; Curschmann,  H., 
Typhoid and typhus fever, Philadelphia, 1902,526; Plotz, H., Olitsky, P. K., and 
Baehr,  G., J. Infect. Dis.,  1915, xvii, 1; Nicolle, C., and Blaizot, L., Arch. Inst. 
Pasteur Tunis, 1916, ix, 127; Grzywo-Dabrowski, W., Virchows Arch. path. Anat., 
1918, ccxxv, 299; Danielopolu, D.,  Le typhus exanthemafique, Bucharest,  1919, 
222; Shattuck, G.  C.,  Typhus fever with particular reference  to  the Serbian 
epidemic, Cambridge,  1920, 111, and others. 374  TYPHUS  FEVER  AMONG  RECENT  IMMIGRANTS 
injection  of the  virus  remains  immune  to a  subsequent inoculation 
of the typhus fever virus. 
It  appears  then  that  the blood from  the immigrant  could induce 
in guinea pigs a  similar experimental disease, for, as will be noted in 
the  above  experiments,  it  is  characterized  by  (a)  transmissibility, 
(b)  particular  pathological  effects,  (c)  absence  of  concomitant  or 
secondary infections by ordinary bacteria,  and  (d) specific immunity 
reactions.  From  the  experiments  on  immunity  we  infer  that  the 
strain of virus inducing the typhus fever occurring last year in War- 
saw,  Poland,  in  epidemic  form,  and  that  inducing  the  disease  in 
immigrants  this year at the Port of New York, are identical. 
CONCLUSION. 
It is experimentally demonstrated in the guinea pig that the blood 
from an infected Czecho-Slovakian arriving at the Port of New York 
from Italy contained the virus of typhus fever and that this strain is 
identical with the epidemic virus present in man and louse in Poland. 
EXPLANATION OF PLATE 25. 
FIG. l.  Section of brain of guinea pig experimentally infected with the blood 
from  the  immigrant.  The  vascular  lesions are shown in  detail.  There  are 
circumscribed proliferation  and  accumulation  of macrophages  and  leucocytes 
about an arteriole, and at one point, a peri~rteriolitis nodosa.  × 400. 
FIG. 2. Section of heart  muscle from  the  same guinea pig.  The  vascular 
lesions are  shown in  detail.  They  resemble  those  found  in  the  brain  and 
demonstrated in Fig. 1.  X 400. 
FIG. 3. Section of the corium of the skin from a guinea pig experimentally 
infected  with  the blood from  the immigrant  (fifth guinea pig  passage).  The 
circumscribed accumulation  of  macrophages  and  leucocytes  close  to  vessels, 
which show proliferation  and  swelling of the endothelial  cells, is  noteworthy. 
A thrombus is seen in one of the vessels.  ×  1,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXlV.  PLATE 25. 
(Olitsky: Typhus fever among recent immigrants.) 